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SUMMARY

Results are presented to show the effect on flutter cheracter—

1stics of variation of the aerodynamic shape of concentrated weights
riglidly mounted on & simplified wing structure. The model was mounted

as a rigid cantilever and tested with weights that were 7%-percent

and 5 percent of the welight of the wing. In regard to shape, two
general types of welights, having similar mass and moment—of—inertisa
propertles, were employed: one & streamllined body resembling in
shape an external wing fuel tank and the other a chosen nonstream—
lined, or blunt, body. Approximately 20 flutter tests were conducted
in a preliminary vyrogram at low Mach numbers wlth weights varied over
a wide range of spanwise positions; an additional chordwise position
was included at the wing tip. Results show only small changes in
flutter speed and flutter freguency due to radical changes in the
aerodynamic shape of concentrated weighis. A large reduction in
flutter speed 1s shown as relatively light concentrated welghts are
moved nearer the tip, with only a small change in flutter frequency.
Results also demonsgtrate, experimentally, a conslderable influence

of moment of inertia on flutter speed and flutter frequency.

INTRODUCTION

The ingtallation of large external fuel tanks on airplane wings
hag caused attention to be directed to the possible influence of these
tanks on certaln aercelastic properties of the wing. For exampls, an
investigation of the cause of wing fallure for a certain airplane
having an extérnel fuel tank at the wing tip (with the tank in an
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almost empby condition at the time of fallure) suggested the possi—
bility of wing flutter, with a lower flutter speed resulting from the
aerodynemic forces acting on the tank., No analytical treatment is
available for predicting the oscillatory forces on such bodles, and
thug the effect on flutter characteristics of & change in body shape
cannot be directly calculated. A systematic experimentel study of
effects of concentrated welights on flutter characterlstics was
reported in reference 1, and anaelytlcal studies of theme effects were
made in references 2 and 3. Throughout the studies, however, no
particuler attention was glven to the aerodynamic comtours of the con—
coentrated welghts employed. The primary objJective of—this paper is to
pregent experimental results on some effects on the flutter mpeed and
flutter frequency of a wing carrying concentrated welghts having
widely different aerociynamic shapes.

Thig paper presents results of a limited study that is part of a
broader invesbigation. For the flutter tests, a straight-untapered
uniform cantilever wing was used. The concentrated weights employed
bad gimiler mags and moment—of—inertia properties, but were of-
different aerodynamic ghapes. One of these welghts was a streamlined
body resembling in shape an extermal fuel tank, whereas the other was
of a nonstreamlined shape.

The concentrated weighta were selected so that the ratio of their
weights to that of-the wing was comparable to the ratio of the weights
of - an empty external fuel tank and the wing of a typical alrplane. In
Ylew of the relatively low ratio of the weight of an empty externsl
Tuel tank to the welght of a wing, 1t seemed unlikely that its mass
might exert much influence om the flutter characteristics of the wing.
Because of the shape of the tank, however, the moment of inertia of
the tank 1s usually high in comparison with its welght. Since this
appreciable moment of inertia may quite conceivably exert strong
influence on flubtter characteristics, & study of the effect on these
characteristics of a variation in the moment of inertia of the external
tank has been included.

Flutter tests were conducted with the welghts mounted rigidly at
the wing tip and at various spanwise positions. In the present pre—
liminary study, the testing was done only at low Mach numbers and only
a few wing—welght conflgurations were used.
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SIMBOLS
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weight of wing, pounds

weight of concentrated weight, pounds

length of wing, feet
half—chord of wing, feet

mags moment of inertla of welght sbout wing elastic
exis, 1nch-—pounc1—secon6.2

nmass momenf of lnertia of wing about center of gravity,
j.nr.:l:a-—:pound.—sec::ond.2

mass moment of inertia of wing about elastlic axis,
inc:h—pound—sec:ond2

bending rigidity of wing, pound.—-inch952

" torsional rigldity of wing, pound:—-inches2

densgity of testing medium, slugs per cubic foob

mags of wing per unit length

mags ratlo L
npb2
nondimensionel redius of gyration reletive to elestic

I;
axis ____E.A.2
127nmb

distance between elastic axlis of wing and center of
gravlity of welght referred to half—chord

frequency, cycles per sgecond

first bending natural frequency, cycles per second
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fh2 gsecond bending natural frequency, cycles per second
£y firgt torsion natural frequency, cycles per second
fo experimental flutter frequency, cycles per second
vy indicated airaspeed at flutter, feet per second
v true alrspeed at flutter, feet per mecond
q dynemic preseure at flutter, pounds per square foolt
ghl structural demping coefficlent, flrst bending
€h2 gtructural demping coefficlent, second bending
&y, structural damping coefficlent, first torsion
Subscripts . A - ' e
w refers to the corresponding properties or paremeters
of wing carrylng concentrated welghts «
APPARATUS

The entire serles of approximately 20 flutter tests was made on
a single uniform wing. The model selected for testing, built of
magnesium alloy, was 40 inches long with an 8—inch chord and had an
NACA 16-00k airfoill section. As shown in figure 1, the model was
mounted rigidly to the top of the test sectlon as & cantllever hesm
go that the flutter produced may be conaldersed to correspond toc a
symmetrical mode. The chordwlse slote shown along the tralling edge

in figure 1 were cut to a depth of approximately 2% inches at every

_ inch along the span in an effort to move the elastic axis forward
and hence keep the divergence speed above the expected flutter gpeed
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range. A cross—gectional view of the wing is given in figure 2 and
the wing properties were as follows:

Chord, INCHSE « « o o o o o o o o s o o o s o s o o o o o o o 8
Tongth, INCHOS o o o « o o o o o o « a o o « o o o s « a o o o ko
Aspect ratio (geometric) o ¢ o o o & o s o 0 8 s e 8 s s s s e 5
Taper ratio e o o e o e a8 o s 8 s ® s e 0 s s v s e e e @ 1
Alrfoll 860100 « o o o « o o ¢ o o o o o o & o o o « o o NACA 16-00k
Wy POUNIAE o o o o o o o o o o o o o o s o o s« o o« « o ¢« o « o 4.89

ICG-’ inCh—POUI]d.—SeCOIld.a e« © e ® & & ® 8 # 6 & © 2 @ o e ¢ ¢ & o 0 - 0428

%A’ inCh—POUIId.—*SOG_OI]d2 . s ® @ & e ® e @ * @ e & ° 8 o ¢ s =& O- 01,‘311‘

EI_’ Polmd—inCheEe o & e . e ® 0 e ® e © & © 0 e & 0o s = 0'0608 X 106

GJ, Pound—inChGSE .« & . . . » . o . . ° L . . L) . L s L 0-091"1" X 106
rae L] L4 . L] - L d L] - L] - L] L] - - L L) o L L] L4 o . L d L] L] L] . . L] L) 0 . a—h

% (standard air, no Weight) . « 4 s s v 4 e s o e e e 0 a0 .. 55.0

The model was statically loaded at the tip to obtain the
rigidities in torsion and bending.

Concentrated weilghts which had similar mass and moment—of inertia
properties but which differed In shape were used. In regerd to
ghape, two general contours were employed: one, a streamlined body
resembling an external fuel tank, and the other, a chosen nonstreamlined, -
or blunt, body. The weights wore made adaptable to various phases of
the investigation.

Weighte 1 and 2 were the streamlined and the nonstreamlined
bodles, respectively, used to examine some effects of aerodynamic
shape of tip weights on flutter speed and flutter frequency. These
weighte were located at two different chordwise posltions, designated
by "a" and "b". Weights la and 2a (figs. 3(a) and 3(b), respectively)
were those for which the center of gravity of the weight was close to
the wing elastic axis. Weights 1b and 2b (figs. 3(c) and 3(d),
respectively) were those for which the center of gravity of the weight
was nearer the leading edge of the wing.

Welght 2 was also used to study the effect of varying the moment
of Ilnertia of a welght at the tip. Two conflgurations representing
different moments of lInertia were used. These were designated as
wolghts 2c and 24 (figs. 3(e) and 3(f), respectively). The centers of
gravity of these welghts, relative to the elastic axls of the wing,
colncided with that of weight 2a.
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Weight 3 (fig. 3(g)) and weight 4 (fig. 3(h)) were the stream—
lined and the nongtreamlined bodies, reapectively, used to pursue
further the investigation of effects of aesrodynamic shape. The "
weights were made go that they could be varied over a wide range of
spanwise positions with their inertial propertieas remaining constent.
The - center of gravity of each weight waa located close to the elaatic
axis of the wing.

The concentrated welght prdperties are glven in the following
table, in which the negative values of e, indicate welght locations

W
forward of the wing elastic axis:

Weight %& _ O é%i
1a 0.0744+ | 0.045 | 0.380
1b Moy il —.513 -509
2a L0755 045 403 _
2b 0755 | =505 507
2c 0752 .05 219 -
2d .07h9 045 .070
.0k85 .023 .310
L 0485 .023 .308

The flutter tests described hereln were conducted in the
Langley 4.5-foot flutter research tumnel, the essential features of
which sre discussed 1n reference 1l.

Strain gages mounted on the wing near the root, as shown in
figure 1, permitted vibration records to be made of the bending and
torsional oscillations of the wing during flutter. The square
indicates the location of the bending gages and the circles indicate -
the locations of the torsion gages. The strain-—gage signals were
recorded. on & recording osclllograph.
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In order to prevent destructlon of the wing as & result of
divergence, restraining wires were attached fram the tunnel walls %o
the wing quarter chord near the tip. As can be seen in figure 1,
thege wires had sufficilent slack in them to permit adequate amplitunde
in flutter but could still save the wing if divergence occurred.

TEST PROCEDURE

In the flutter testing of the model, velocity of flow in the
tunnel was increased slowly untll the critical flubtter speed was
attained. At this point; the tunnel conditions were observed and,
simltaneously, an oscillograph record of the vibrations of the model
was taken. These data, from which the experimental flutter speed and
Tlutter frequency were chbtained, have been recorded in table I. For
most runsg, the natural frequencies were tabulated both before and
after the actual run to determine whether or not the wing had been
damaged by flutter. The remarks in table I regerding the flutter
characteristics are based almost entirely on visual observetions made
at the time of the run; bocause of ths sudden and vlolent occurrence
of flutter, these remarks are lnclined to be scmewhat arbltrary. The
gtructural damping coefficients recorded 1n table I have been
determined from the rate of decay of oscillations on the vibration
records of the natural Ffrequencles.

RESULTS ARD DISCUSSION

In presenting the results of this investigation, three phases of
the problem are considered: <first, some effects of aerocdynamic shape
of concentrated weights; second, effects of variation in the spanwise
position of light concentrated weights; third, effects of moment of
inertia of light concentrated welights. The second and third phases
are included as loglcal outgrbwthe of this program and mey be regarded
as lncidental to the firat phase, which is concerned with the primary
obJective of the paper. 4As In reference 1, the variations in flutter
speed and flutter frequency, the two flutter peramsters studled, have
been compared to the corresponding parameters of the unwelghted wing.

Effects of Asrodynamic Shape of Concentrated Weights

Attention may first be directed to the effect on flubter speed
and flutter freguency of the serodynamic shape of concentrated welghts
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mounted at the wing tip. In the following table these parameters have
been compared for two different chordwise positions of weights 1 and 2:

Wolght shape Weight
(see figs., |location| Wy Iy (Vizg_(fe)w (ﬁ:ﬁ

(e (percent
. 3) chord w Ipa | Vi | fe |teple I)

Weight

la Streemlined | 47.3 |0.074:|0.380|0.845]0.846 2
2a |Nongtreamlined| 47.3 o155 .ho3| .87h| .75k 3
1b Streamlined 19.4 O34 .509] .763| .824 5
2b |Nometreamlined| 19.8 LOT55| 507| .T92] 904 | 6

Examination of the flutter aspeeds shows a naximm difference of
3% percent between gtreemlined and nonstreamlined shapes. A radical

change in the shape of weighte located at the tip appears to have
produced only a smaell change in flutter speed. A somewhat greater
effect of shape on flutter frequency is noted with the changée
occurring in opposite directions for the two different chordwise
positiona. ] .

The effects of aerodynamic shape of welghts for a wlde range of
spanwise positions are presented in figures 4 and 5 for weight 3
(fig. 3(g)) and weight 4 (fig. 3(h)). Comparison of the flutter speeds
in figure 4 for streamlined .and nonstreamlined shapes shows a differ—
ence of not-more than 4 percent at any point along the span. Thus, a
radical change in serodynemic shape of weights at any spanwise
location has produced only a small change in flutter speed, although
for most spanwise positiona as well as for the Tip position the flutter
speed was lower for the gtreamlined shape than for the nonstreamlined
shape. Examination of figure 5 shows that with the exception of the
tip position the flutter frequency differed by lesse than 3 percent——
between streesmllired and nonstreamlined shapes st any point along the
apan. . . _

Although the effect on flutter of aerodynamic shape of the
welghts is shown to be small, 1t should be remarked that shape may be
very slgnificant in regard to such statlc aeroelastic instebilities
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as wing divergence. However, the static cases are not considered in
thig investigation. '

Effects of Spanwise Variation of Light Concentrated Weights

For these tests, the influsnce of serodynamic shape was shown to
be small as the spanwise locatlon of the light concentrated weights
was varied from root to tip. The genersl reductlon in flutter speed,
similar to that shown in reference 1 for welights having a comparable
chordwlise center—of—gravity locatlon, may therefore be attributed
wholly to the effect of the concentrated weights. In the present
invegtigation a maximum reduction in flutter speed of 17 percent was
obtained with weights which were approximately 5 percent of the welght
of the wing. In reference 1 a maximm reduction of 13 percent is
shown for weights which were approximately 60 percent of the weight
of the wing. A comparison on the basls of welght alone with the
results of reference 1 shows the reduction in flutter speed in the
present cases to be of much larger magnitude than might be expected.
That the effect is one of moment of inertie rather than one of mess 1s
indicated by exemination of figure 6, in which is shown the variation
of natural frequencies with span position for weight 3. The bending
frequencies appear to be relatlvely unchanged, indicating that the
effect of mass is small; but in the torsional freguency there is noted
a marked reduction, which can be attributed to the apprecilable moment
of inertia of the weight, for weight positions near the tip.

The Flutter frequencies for weights 3 and 4 were not greatly
affected by the variation In spanwise position of the weights

(see figs. 5 and 6). As shown in figure 5, a maximum reduction of
lT%IPGrcent wag found. Im reference 1 the maximm reductlion amounted

to 59 percent for weights that were approximately 60 percent of the
welght of the wing and had chordwilse center—of-—gravity positions
compareble to those of welghts 3 and L.

Effects of Moment of Imertia of Light Concentrated Weightis

The effects of the moment of inertia of the weight on fliukter
speed and flutter frequency have been studled with the aid of tip
wolghts 2¢ (fig. 3(e)) and 24 (fig. 3(f)), in addition to weight 2a.
The regults are presented in figures 7 and 8. As can be sesn in
these figures, an increase in moment of inertia produced a decrease
both in flutter speed and flutter frequency. Comparison among the
natural frequencies in figure 8 further shows that the main effect of
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variation in moment of inertia has been on the torslonal degree of
freedom, with the bending frequencies remaining essentlally unchanged.
Thig fact, together with the data observed in the variation in
gpanwise position of weights 3 and 4, indicates that even though &
relatively light concentrated welght-1s used, lts moment of inertia

may be such that considerable influence is exerted on flutter speed
and flutter frequency.

CORCLUDIRG REMARKS

In a preliminary experimentel program.-consisting of over
20 flutter runs at low Mach numbers, results have been presented to
show some effects on flutter speed and flutter frequency of the
asrodynamic shape of concentrated weights. These parameters have been
compared for streamlined and nonstreamlined shapes of rigidly mounted
wolghts that were varled over a wide range of spanwise poslitions on &
gtraight cantllever wing. In regard to shape, two general types of
welghts having similar mass and moment-of-inertla propernties were
employed: one & streamlined body resembling in shape an external
wing fuel tank and the other a chosen nonstreamlined hody. Because of
the preliminary nature of this investlgation, the followlng remarks
are necessarily restricted to data on this wing and therefore cannot
be regarded as general.

Results, concerning the main objectlve of the Investigatlon, show
that both flutter speed and flutter frequency are relatively unaffected
by radical changes in the aerodymamic shape of the concentrated
wolghts.

Further observetions in this Investigation are possible on two -
other resultas which are considered to be loglcal, though perhaps
incidental, outgrowths of the main objJective., In regard to the first
of these auxiliary results, the varlation in spanwise poasition of
relatively light concentrated weights (approximately 5 percent of the
woight of the wing) produces an effect on the flutter speed that is
large when compared with the results of reference 1 for much heavier
wolghts; the effect on flutter frequency, however, las small compared
with that found in reference 1 for heavier welghte. In regard to the
second of these other results, it 1s experimentally demomstrated that
the effect on flutter speed and flutier frequency of the moment of
inertia of a relatively light concentrated welght may be large.

Iengley Aesronautilicel Ieboratory o
National Adviscry Committee for Aercnautics
Lengley Alr Force Base, Va.
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Rote divergence

15






Center of gravity
{47.5 percent chord
from leading edge)

ﬁasglc axis L
onord peom < 2.75" —
leading edge)

— wE E—

200" L g0114 magnesium alloy

N

y
1
0.32

HACA

Flgure 2.— Cross—sectional view of model; dashed line Indicates depth of 1146-—inch chardwise slote cut

in tralling edge at every inch along span,

LTEAT WE VOVN

LT







NACA RM I9ELT

(a) Weight la.

(b) Weight 2a.

Figure 3.— Concentrated weighta.
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(d) Weight 2b.
Figure 3.— Continued.
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(e) Weight 2c.
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(f) Weight 24,

Figure 3.~ Continued.,
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(h) Weight L,

(8) Weight 3.

Flgure 3.~ Concluded.
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Figure 4.— Variation of flutter speed with spanwise position for welghts 3
' and 4,
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Figure 5.— Varilation of flutter frequency with spenwise position for
weights 3 and L.
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Figure 8.~ Varlation in frequency with mass moment of inertia for tip
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